A lift or heave which is palpable at the left sternal edge is an accepted clinical sign of right ventricular hypertrophy. The parasternal impulse has been recorded in normal subjects and in patients with heart disease, and the results are described in this paper. A detailed description of the instrument used to make the recordings has already been published (Beilin and Mounsey, 1962) . This instrument records absolute displacement of a selected area on the chest wall. By correlating the recordings with clinical examination, chest radiographs, electrocardiograms, and the results of right heart catheterization, we have been able to define, in terms of displacement, the characteristics that distinguish normal from abnormal impulses. We have also attempted to assess the reliability of an abnormal impulse in revealing underlying ventricular and atrial hypertrophy.
RESULTS
Left Parasternal Impulse in Health Movements of the prncordium at the left sternal edge accompanying the heart beat are always present in the normal subject. These movements are often less easy to feel than is the apical impulse. This is because they are smaller and because they consist of an antero-posterior movement of a wide area of the prvcordium rather than an independent movement of a localized area in an intercostal space.
In 14 of the normal subjects there was an outward movement of the chest wall in the left parasternal area during early systole, followed by retraction in late systole (Fig. 1) . In 6 an inward movement only occurred. As in the apical impulse cardiogram in health (Beilin and Mounsey, 1962) it was possible to recognize two smal outward beats in early systole, a pre-ejection beat starting after the Q wave and before the first heart sound, and an ejection beat starting about 01 sec. after the Q wave. Eight subjects had both types of beat, 2 had pre-ejection beats only, and 4 had ejection beats only. The amplitude of the beats was small in 11 of the subjects, ppoducing a deflection in the impulse cardiogram of 7 mm. or less. Impulses of considerable amplitude were recorded in the other three subjects, two of whom were children aged 5 and one a boy of 16 with a depressed sternum. In the children, the ejection beat measured 9 and 12 mm. in amplitude, while in the boy it was particularly large and measured 19 mm. (Fig. 2) . The average deflection in the impulse cardiogram in the 14 subjects with outward chest movements was 3-6 mm. (When there was both a pre-ejection beat and an ejection beat the larger of the two was measured.) In none of the normal subjects did the outward movement last for more than the first two-thirds of systole. The average length of the systolic beat was 015 sec., compared with an average length of systole of 033 sec. In 6 of the impulse cardiograms there was an outward movement, between the start of the P wave and the Q wave in the electrocardiogram, constituting the atrial beat, which accompanied atrial systole ( Fig. 1 and 2 ). The tallest atrial beat seen in health was 5 mm. high.
The left parasternal impulse cardiograms were compared with those recorded at the apex in these normal subjects. The apical impulse was larger than the corresponding parasternal one. There were minor differences in the pattern of the impulses at the two places, but these were not the same from one subject to another. When an atrial beat was present it was relatively larger in the parasternal area. As already mentioned, there were 6 subjects with inward movement only at the left sternal edge: these had a normal outward apical impulse. In the other 14 subjects the timing of the start of the ejection beat was delayed by an average of 3/100ths of a second at the left sternal edge; the average timing of the pre-ejection beats in relation to the electrocardiogram was identical at the two sites.
Left Parasternal Impulse in Right Ventricular Hypertrophy The patients will be considered in two main groups: first those whose disease causes lone or dominant right ventricular hypertrophy, and secondly those whose disease causes biventricular hypertrophy. Group 1: Right ventricular hypertrophy.
(a) Pulmonary Stenosis. Of the 9 patients with this lesion (Table I) , 5 had a normal impulse at the left sternal edge. Of these 5, 3 had mild stenosis, with right ventricular pressures of less than 35 mg. Hg, and no evidence of right ventricular hypertrophy in the chest radiographs and electrocardiograms; 2, however, had right ventricular hypertension and hypertrophy. The other 4 patients had impulses that differed from the normal in that the outward movement during systole lasted up to or beyond the second heart sound (Fig. 3) . This type of impulse will be referred to as the sustained impulse. These patients all had severe stenosis with radiographic and electrocardiographic evidence of right ventricular hypertrophy.
Of the 9 patients with pulmonary stenosis 7 had an atrial beat (Fig. 3) , which was thus a more frequent finding than in the normal subject, reflecting associated right atrial hypertrophy.
(b) Atrial Septal Defect. There were 5 patients with a secundum defect and 3 with an ostium primum. One of them was rather tall and thin, but none had any of the stigmata of Marfan's syndrome, and none had a depressed sternum. Fig. 4 shows the impulse cardiograms in these patients in relation to their pulmonary systemic flow ratios and right ventricular pressures. stenosis and 4 had stenosis with insignificant mitral incompetence. Three patients had a normal left parasternal impulse. In these 3 the right ventricular systolic pressure was below 40 mm. Hg and the electrocardiogram was normal or showed Grade I right ventricular hypertrophy. In 4 of the 5 patients with a sustained impulse the right ventricular systolic pressure was 45 mm. Hg or more; in the fifth the pressure was 37 mm. Hg. All these 5 patients had evidence of right ventricular hypertrophy in the chest radiograph and all but one in the electrocardiogram. Patients with significant mitral regurgitation will be discussed later in the group with biventricular hypertrophy.
Two other patients with pulmonary hypertension were studied: in one the diagnosis was primary pulmonary hypertension and in the other chronic cor pulmonale from chronic bronchitis. Both these cases had right ventricular hypertrophy in the chest radiograph and electrocardiogram: both showed a sustained left parasternal impulse.
Group 2: Biventricular Hypertrophy (a) Mitral Regurgitation. There were 10 patients judged to have dominant mitral regurgitation, with biventricular hypertrophy from associated pulmonary hypertension. A further 4 were studied in whom mitral regurgitation was not complicated by pulmonary hypertension. All the patients with complicating pulmonary hypertension had a sustained left parasternal impulse in addition to a sustained apical impulse from left ventricular hypertrophy. However, 2 of the 4 patients without clinical evidence of pulmonary hypertension also had a sustained impulse at both apex and left sternal edge (Table IV) and in 1 of these 2, cardiac catheterization was performed, confirming 730 group.bmj.com on October 22, 2017 -Published by http://heart.bmj.com/ Downloaded from THE LEFT PARASTERNAL IMPULSE normal right ventricular pressure. No direct correlation, therefore, could be made in these patients with mitral incompetence between a sustained left parasternal impulse and the presence of right ventricular hypertrophy. The reason for the sustained left parasternal impulse in the 2 patients without right ventricular hypertrophy was thought to be enlargement of the left ventricle to the right so as to underlie the parasternal region where the impulse is recorded (Deliyannis et al., 1964) ; angiocardiography in one of the patients confirmed that the enlarged left ventricle underlay the left parasternal impulse.
The amplitude of the ejection beat in this group was very striking. In 6 of the patients it was greater than 10 mm. in height and the average deflection for the whole group was 10 7 mm., compared with an average of 3 6 mm. in the normal subjects.
(b) Ventricular Septal Defect. Twelve patients with biventricular hypertrophy from ventricular septal defect, complicated by pulmonary hypertension, were studied. In addition, a further, 3 without pulmonary hypertension were investigated. In the absence of pulmonary hypertension either a normal or an overacting impulse was seen in the left parasternal area. In the 12 patients with pulmonary hypertension, no constant form of left parasternal impulse was recorded (Table V) . All but one of those with the highest pulmonary vascular resistance (Cases 10, 11, 13, and 14) showed a sustained impulse, Case 12, the exception, having a normal impulse. The sustained impulse was often bifid in type (Fig. 5) . Those with moderately raised resistances (Cases 4, 5, 6, 7, and 9) showed either a sustained impulse or an overacting impulse, Case 9 with a large left-to-right shunt being an example of the latter. Case 8 in this intermediate group had a normal impulse. The less close correlation between the presence of pulmonary hypertension and a sustained left parasternal impulse in ventricular septal defect was thought to be due possibly to the competing effects of biventricular hypertrophy and increased flow through both ventricles.
The bifid type of sustained left parasternal impulse was only met in ventricular septal defect with pulmonary hypertension. Though the outward systolic movement was sustained up to or beyond the second heart sound, it was interrupted by an inward movement in mid-systole (Fig. 5) . We were able to study a most remarkable patient with a bifid impulse who had a large sternal defect so that the right ventricular outflow tract and the main pulmonary artery were widely exposed (Fig. 6) showing bifid sustained plateau. The notch corventricular outflow tract through the sternal responds closely in time to the bifid notch on the defect (Fig. 7) . The impulse over the pulmonary impulse tracing. RVP=80/5 mm. Hg.
artery and the right ventricular outflow tract was felt to be very bifid. The timing of the notch in the bifid impulse coincided with a dicrotic notch in the pressure tracing from the right ventricle and may have been due to the same cause (Fig. 8) . Shanahan et al. (1960) describe a form of right ventricular pressure tracing, only met in Fallot's tetralogy and large ventricular septal defects, in which there is a high pressure and plateau curve that usually shows a distinct notch at the beginning of the plateau.
The one patient with a patent ductus arteriosus and severe pulmonary hypertension had a sustained impulse.
Left Parasternal Impulse in Right Atrial Hypertrophy We have already mentioned that an atrial beat at the left sternal edge was found more frequently in pulmonary stenosis and atrial septal defect than in health. Its amplitude, however, seldom exceeded the upper limit of normal. In certain forms of cardiomyopathy involving the right heart, on the other hand, a giant atrial beat was felt and recorded (Mounsey, 1959) , which corresponded with the giant "a" wave in the jugular venous pulse. It was usually appreciated by the hand as a distinct double impulse (Mounsey, 1959; Pare et al., 1961; Wigle, Heimbecker, and Gunton, 1962; Cohen et al., 1964) , thus contrasting with the gentle presystolic atrial beat felt in simple ventricular hypertrophy. In the impulse cardiogram at the left sternal edge it was the dominant impulse, dwarfing the ventricular impulse (Fig. 9) . A giant atrial beat dwarfing the ventricular impulse was noted in 5 out of 10 patients with various forms of cardiomyopathy and is characteristic and possibly pathognomonic of hypertrophic cardiomyopathy with diminished compliance of the ventricles. A more detailed study of this group of patients is in progress (Nagle et al., in preparation 
DISCUSSION
The movements at the left parasternal region which accompany ventricular systole are less easy to appreciate than those at the cardiac apex: their amplitude is usually smaller, and there is less relative movement of one part of the chest wall with another. What one appreciates with the hand is the total displacement of a wide area of chest wall, and it is important that the instrument used to record this movement should be one that responds to total displacement. Indeed, workers using the upturned bell type of instrument which is held on or strapped to the chest wall and which records relative movement, have recorded very little parasternal movement. Thus Mackenzie (1902) thought that right ventricular systole always produced depression of the chest wall. Dressler (1937) was the first to suggest the importance of recording absolute movement and arranged his instrument in a fixed support attached to the bed. He showed that in normal subjects there might be systolic depression at the left sternal edge, but in patients with right ventricular hypertrophy resulting from severe mitral stenosis there was a marked systolic outward movement. More recently Eddleman and Thomas (1959) , using a similar instrument, have shown that the outward movement is sustained throughout ventricular ejection in patients with increased right ventricular pressure loads, but not in those with increased right ventricular flow.
The clinical sign ofa left parasternal lift in right ventricular hypertrophy is now widely recognized. Wood (1956) distinguished the steady heave that occurs in pulmonary hypertension and pulmonary stenosis from the more tumultuous hyperdynamic lift of atrial septal defect. The fact that a parasternal impulse can be felt in many normal subjects is not so generally appreciated. With our instrument which records absolute displacement of the chest wall, we recorded a parasternal impulse in 20 normal subjects, though it was only easily palpable in 15 of them. In two-thirds of the cases this consisted of an outward movement, usually small, followed by retraction in late systole; in the rest, inward movement only occurred. The outward movement only lasted for up to the first two-thirds of systole.
Our study enabled us to assess the reliability of an abnormal left parasternal impulse as a clinical sign of right heart disease. In patients with pure right ventricular hypertrophy an impulse consisting 734 group.bmj.com on October 22, 2017 -Published by http://heart.bmj.com/ Downloaded from THE LEFT PARASTERNAL IMPULSE of a sustained outward movement lasting up to or beyond the second heart sound is a reliable sign, being found in 15 out of 18 patients with hypertrophy and never in patients with mild disease without a significant hypertrophy. The overacting or " hyperdynamic" impulse of atrial septal defect is one of increased amplitude but normal contour. We have found it indistinguishable from that met in children and in thin or anxious adults. The only patient with an atrial septal defect who had a sustained impulse was one with complicating pulmonary hypertension.
In the group of patients where biventricular hypertrophy may be present, a sustained left parasternal impulse was found to be a less reliable sign of right ventricular hypertrophy. In two patients with mitral regurgitation but without pulmonary hypertension a sustained impulse was found: it was thought to be due to enlargement of (Beilin and Mounsey, 1962) and aortic and mitral valve disease (Davie et al., 1962; Gillam, 1963 ). An easy way of appreciating this physical sign is to auscultate at the same time as palpating. In this way the prominent overacting impulse felt in some normal subjects and in patients with an atrial septal defect may easily be distinguished at the bedside from the sustained impulse of pulmonary hypertension.
SUMMARY
The left parasternal impulse has been recorded, using an instrument which measures total dist placement of the chest wall, in 20 normal subjects and 71 patients with congenital or acquired disease of the right ventricle. The detailed pattern of normal and abnormal impulses has been described. There were three main groups: the normal, the overacting, and the sustained.
In most normal subjects there was an outward movement of the chest wall in the left parasternal area during early systole, followed by retraction in late systole; in some an inward movement only occurred. An overacting impulse of unusually large amplitude but normal contour was seen in children and in sternal depression. Healthy hearts, therefore, showed either a normal or overacting left parasternal impulse.
Most patients with an atrial septal defect without pulmonary hypertension showed an overacting impulse reflecting the augmented right ventricular stroke output.
Four-fifths of the patients with marked right ventricular hypertrophy from right ventricular hypertension had a sustained impulse lasting up to the time of the second heart sound or beyond; one-fifth had an overacting or normal impulse. A bifid sustained impulse was noted in some cases of ventricular septal defect with pulmonary hypertension. The presence of a sustained left para-sternal impulse was found to be a reliable sign of hypertrophy of the right ventricle, except in rare cases where an enlarged left ventricle underlay this area of the prncordium.
An atrial beat at the left sternal edge, accompanying atrial systole, was seen more often in right ventricular hypertrophy with associated right atrial hypertrophy than in health. A giant atrial beat, dwarfing the succeeding ventricular impulse, appreciated by the hand as a double impulse, was found to be characteristic of one form of cardiomyopathy with diminished compliance of the ventricles.
